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57 ABSTRACT

The present invention provides a small yet wide-passband
surface acoustic wave device that 1s excellent 1n selectivity,
1.€., temperature characteristics. The surface acoustic wave
device contains an interdigital electrode on the surface of a
substrate made up of a langasite single crystal having the
formula, La,Ga<S10,,, and belonging to a point group 32.
When the cut angle of the substrate cut out of the langasite
single crystal and the direction of propagation of a surface
acoustic wave on the substrate are represented 1n terms of
Euler’s angles (¢, 0, and ), ¢, 74 and { are found within
arcas represented by ¢=-5 to 5 , 0=136 to 146—, and =21
to 30, respectively. The relationship between the normalized
thickness h/) (%) where the thickness, h, of the interdigital
clectrode 1s normalized with the wavelength A of a surface
acoustic wave and the above 1 (degree) indicating the

direction of propagation of the surface acoustic wave 1s
ogven by

~3.79 (h/A)+23.86 = =-5.08 (h/A)+26.96

when P=25.5, and
the above relationship i1s given by

4.39(h/A)+24.30=y<3.54 (h/A)+27.17

when >25.5.

9 Claims, 4 Drawing Sheets
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SURFACE ACOUSTIC WAVE DEVICE
CONTAINING AN INTERDIGITAL
ELECTRODE ON A SINGLE CRYSTAL
SUBSTRATE

This application 1s a Continuation of mternational appli-
cation PCT/JP98/02767, filed on Jun. 22, 1998.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a surface acoustic wave
device containing an interdigital electrode on a single crystal
substrate.

2. Description of the Background

In recent years, mobile communication terminal equip-
ment imclusive of cellular telephones has been rapidly popu-
larized. It 1s highly desirable to reduce this terminal equip-
ment 1n size and weight for enhanced portability. To achieve
size and weight reductions for the terminal equipment,
clectronic parts used therewith, too, must be essentially
reduced 1n size and weight. For this reason, surface acoustic
wave devices favorable for size and weight reductions, 1.¢.,
surface acoustic wave filters, are often used for high- and
intermediate-frequency parts of the terminal equipment. A
surface acoustic wave device has on the surface of a piezo-
clectric substrate an interdigital electrode for exciting,
receiving, reflecting, and propagating surface acoustic
waves.

Among characteristics important to a piezoelectric sub-
strate used for surface acoustic wave devices, are the surface
wave velocity of surface acoustic waves (SAW velocity), the
temperature coeflicient of a center frequency in the case of
filters and of a resonance frequency in the case of resonators
(the temperature coefficient of frequency: TCF), and an
electromechanical coupling factor (k). The characteristics
of various piezoelectric substrates currently known for sur-
face acoustic wave devices are set forth below 1n Table 1.

TABLE 1
Propagation

Symbol Composition Cut Angle Direction
1281L.N LiNbO;, 128"-Rotated Y X
641N LiNbO;, 64°-Rotated Y X
LT112 LiTaO, X 112°-Rotated Y
36LT LiTaO, 36"-Rotated Y X
ST Quartz Crystal Quartz Crystal ST X
BGO B1,,GeO,, (100) (011)

As may be seen from Table 1, 64LN and 36LT have an
SAW velocity of 4,000 m/s or higher, and are, thus, suitable
to construct filters for high-frequency parts of terminal
equipment. This 1s because various systems are practically
employed for mobile communications represented by cel-
lular telephones all over the world, and are all used at
frequencies of the order of 1 GHz. Accordingly, filters used
for high-frequency parts of terminal equipment have a center
frequency of approximately 1 GHz. Surface acoustic wave
filters have a center frequency substantially proportional to
the SAW velocities of piezoelectric substrates used and
almost 1nversely proportional to the widths of electrode
fingers formed on the substrates. To enable such filters to be
operated at high frequencies, therefore, it 1s preferable to
resort to substrates having high SAW velocities, for 1instance,
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641N, and 36LT. Also, wide passband widths of 20 MHz or
more are required for filters used on high-frequency parts. To
achieve such wide passbands, however, 1t 1s essentially
required that piezoelectric substrates have a large electro-
mechanical coupling factor k*. For these reasons, much use

1s made of 64N, and 36LT.

On the other hand, a frequency band of 70 to 300 MHz 1s
used as an 1ntermediate frequency for mobile terminal
cequipment. When a filter having a center frequency 1n this
frequency band i1s constructed with the use of a surface
acoustic wave device, the use of the atoresaid 64LN or 36L.T
as a piezoelectric substrate causes the widths of electrode
fingers formed on the substrate to be much larger than those
of the aforesaid filter used for a high-frequency part.

This 1s now explained with reference to roughly calcu-
lated values. Here let d represent the width of an electrode
finger of a surface acoustic wave transducer that forms a
surface acoustic wave filter, f, indicate the center frequency
of the surface acoustic wave filter, and V denote the SAW
velocity of the piezoelectric substrate used. For these values,
equation (1) then holds roughly:

fo=V/(4d) (1)

If a surface acoustic wave filter having a center frequency of
1 GHz 1s constructed on the assumption that the SAW
velocity 1s 4,000 m/s, then the width of 1ts electrode finger
is calculated from equation (1) to be

d=4,000(m/s)/(4x1,000 (MHz))=1(um)

On the other hand, when an intermediate-frequency filter
having a center frequency of 100 MHz 1s constructed using
this piezoelectric substrate having an SAW velocity of 4,000
m/s, the electrode finger width required for this 1s given by

d=4,000 (m/s)/(4x100 (MHz))=10(um)

Thus, the required electrode finger width 1s 10 times as large
as that for the high-frequency part filter. A large electrode

SAW Velocity

(m/s) k* (%) TCF (ppm/®)
3992 5.5 74
4742 11.3 -79
3288 0.64 -18
4212 4.7 —-45
3158 0.14 0
(first-order coeff.)
1681 1.2 -122
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finger width 1mplies that a surface acoustic wave device
itself becomes large. To make a surface acoustic wave
intermediate-frequency filter small, therefore, 1t 1s necessary
to use a piezoelectric substrate having a low SAW velocity
V, as can be appreciated from equation (1).

Among piezoelectric substrates known to have a very low
SAW velocity, there 1s also ST quartz crystal BGO such as
onc already referred to 1 Table 1. A BGO piezoelectric
substrate has an SAW velocity of 1,681 m/s. However, the
BGO piezoelectric substrate 1s unsuitable to construct an
intermediate-frequency filter for extracting one channel sig-
nal alone, because 1ts temperature coetficient of frequency or
its TCF i1s as large as =122 ppm/°C. This is because a large
TCF value implies that the center frequency of the surface
acoustic wave filter varies largely with temperature. Thus,




6,137,207

3

large TCF 1s unsuitable for an intermediate-frequency filter
because undesired signals may possibly be extracted from
other channel adjacent to the desired channel.

Among piezoelectric substrates known to have a rela-
tively low SAW velocity, there 1s also ST quartz crystal such
as one referred to 1n Table 1. The ST quartz crystal 1s suitable
to construct an intermediate-frequency {ilter because its
temperature coellicient of frequency or its TCF 1s almost
zero (with a first-order temperature coefficient a of zero). For
this reason, most of mtermediate-frequency surface acoustic
wave filters used so far for mobile communication terminal
equipment are constructed of ST quartz crystal piezoelectric
substrates. However, the SAW velocity of the ST quartz
crystal substrate 1s 3,158 m/s or 1s not on a suiliciently
reduced level, and so presents some limitation to size
reductions. In addition, the electromechanical coupling fac-
tor k~ of the ST quartz crystal is 0.14%, and so is relatively
small. Small k* implies that only a filter having a narrow
passband 1s achievable. Adopted mainly so far for mobile
communications, that is, cellular telephones, are analog
systems with a very narrow channel width of, for 1nstance,
12.5 kHz according to the Japanese NTT standard, 30 kHz
according to the U.S. AMPS standard, and 25 kHz according
to the European TACS standard. Thus, the fact that the
atoresaid ST quartz crystal has a small electromechanical
coupling factor k* has offered no problem whatsoever. In
recent years, however, digital mobile communication sys-
tems have been developed, put to practical use, and so
rapidly widespread 1n view of making effective use of
frequency resources, compatibility with digital data
communications, etc. The channel width of this digital
system 1s very wide, for mstance, 200 kHz and 1.7 MHz 1n
the European cellular telephone GSM and cordless tele-
phone DECT modes, respectively. If ST quartz crystal
substrates are used for surface acoustic wave filters, 1t 1s then
difficult to construct such wideband intermediate-frequency
filters using them.

As explained above, a problem with conventional surface
acoustic wave devices 1s that when a piezoelectric substrate
having a large electromechanical coupling factor, €.g., 64LLN
or 36LT 1s used, 1t 1s possible to make 1ts passband wide, but
the device size becomes large because that substrate has a
high SAW velocity. Another problem occurring is that when
the aforesaid BGO substrate having a low SAW velocity 1s
used to achieve device size reductions, adequate selectivity
1s not obtained due to the large absolute value of the
temperature coellicient of frequency, TCFE. In either case,
adequate characteristics for an mtermediate-frequency sur-
face acoustic wave filter are unachievable.

The ST quartz crystal substrate having a small tempera-
ture coeflicient of frequency or TCF presents some limita-
tion to size reductions due to the fact that its SAW velocity
1s not sufficiently reduced, and makes 1t difficult to achieve
wide band due to the fact that 1ts electromechanical coupling,
factor k~ is relatively small.

SUMMARY OF THE INVENTION

Accordingly, it 1s an object of the present invention to
provide a small yet wide-passband surface acoustic wave
device which 1s excellent selectivity or temperature charac-
teristics.

The above objects and others are provided by a surface
acoustic wave device containing an inter-digital electrode on
a surface of a substrate, wherein:

the substrate 1s made up of a langasite single crystal
having the formula, La;Ga.510,,, and belonging to a point
group 32,
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when a cut angle of said substrate cut out of the langasite
single crystal and a direction of propagation of surface
acoustic waves on said substrate are represented 1n terms of
Euler’s angles (¢, 0, ¢) ¢, 0 and 1 are found within areas
represented by ¢p=-5 to 5°, 8=136 to 146°, and =21 to 30°,

respectively; and

when =25.5°, a relationship between a normalized
thickness h/A (%) where a thickness, h, of said interdigital
clectrode 1s normalized with a wavelength A of a surface
acoustic wave and said ¢ (°) indicating the direction of
propagation of the surface acoustic wave 1s given by

~3.79 (h/A)+23.86 <1p=-5.08(h/A)+26.96
and when >25.5°, said relationship is given by
4.39(h/A)+24.30 Sy =3.54(h/A)+27.17

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 1s a perspective view of a typical embodiment of
the surface acoustic wave device according to the present
invention.

FIG. 2 1s a graph 1llustrating a difference in the tempera-
ture dependence of center frequency changes between 1nter-
digital electrodes having varying normalized thicknesses.

FIG. 3 1s a graph illustrating a difference 1n the tempera-
ture dependence of center frequency changes between vary-
ing directions of propagation of surface acoustic waves.

FIG. 4 1s a graph 1llustrating the relationship between the
direction of propagation of surface acoustic waves and the
peak temperature at each normalized thickness.

FIG. 5A 1s a graph 1llustrating the relationship between
the normalized thickness and the propagation direction when
the propagation direction is \p=25.5°, which relationship
ensures that the peak temperature is in the range of 10 to 40°
C., and FIG. 5B 1s a graph illustrating the relationship
between the normalized thickness and the propagation direc-
tion when the propagation direction is 1>25.5°, which

relationship ensures that the peak temperature 1s in the range
of 10 to 40° C.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present mvention 1s predicated upon the surprising
discovery that a certain langasite single crystal has a spe-
cifically combined cut angle and direction of propagation of
surface acoustic waves, where the temperature dependence
of the center frequency of a filter containing the langasite
single crystal or of the resonance frequency of a resonator
containing the langasite single crystal can be approximated
by a quadratic curve, and such propertics as expressed 1n
terms of an SAW velocity of less than 3,000 m/s, and an
clectromechanical coupling factor of greater than 0.3% are
obtained. This specific combination may be represented by
the above angle ranges of ¢, 0 and 1 1n terms of Euler’s
angles (¢, O and ). It has also been discovered that in this
specific combination, the temperature corresponding to the
peak of the quadratic curve, 1.¢., the temperature at which the
change of the center or resonance frequency 1s minimized,
correlates with the direction of propagation of surface acous-
tic waves (r in Euler’s angle expression) and the normalized
thickness (h/}.) of the interdigital electrode Here h is the
thickness of the interdigital electrode and A 1s the wave-
length of a surface acoustic wave at the center or resonance
frequency. On the basis of these findings, the present inven-
tors have adjusted the temperature corresponding to the



6,137,207

S

above peak 1n the vicinity of room temperature, for instance,
in the range of 10° C. to 40° C. by allowing 1 and h/A to
satisty the above specific relation, thereby succeeding 1n the
surprising achievement of a small yet wide-passband surface
acoustic wave device which shows an excellent temperature
stability at an ambient temperature at which 1t 1s used.

FIG. 1 illustrates a typical embodiment of the surface
acoustic wave device according to ivention. This surface
acoustic wave device comprises on the surface of a substrate
2 a set of interdigital electrodes 3 and 3 for exciting,
receiving, reflecting, and propagating surface acoustic
waves. For the substrate 2 a langasite single crystal 1s used.
The langasite single crystal 1s a crystal type belonging to a
point group 32. In FIG. 1, X, y, and z axes are perpendicular
to one another. The X, and y axes lie in the surface plane of
the substrate 2, and the x axis defines the direction of
propagation of surface acoustic waves. The z axis perpen-
dicular to the substrate plane defines a cut angle (cut plane)
of the substrate cut out of the single crystal. Relationships
between these X, y and z axes and the X, Y and Z axes of the
langasite single crystal may be represented in terms of
Euler’s angles (¢, 6 and 1). When, in the surface acoustic
wave device according to the invention, the cut angle and the
propagation direction are represented in terms of Euler’s
angles (y, 0, y), ¢, 0 and { exist in areas represented by

¢=-5 to 5°
0=136 to 146°

Y=21 to 30°

In this area the temperature dependence of frequency
assumes on a quadratic curve form. When this curve i1s
approximated by the least squares method to a linear line, 1t
1s found that there 1s a combination of ¢, 0 and 1y wherein
the temperature coeflicient of frequency, TCEFE, of the sub-
strate 1s very small or lies within 1 ppm/°C., and the
coupling factor k of the substrate is sufficiently large or at
least 0.3%.

It 1s to be noted that the langasite single crystal i1s a
trigonal system, and so mutually equivalent combinations of
Euler’s angles exist due to crystal symmetry. In the trigonal

system substrate, $=120 to 240°, and $=240 to 360° (-120
to 0°) are equivalent to ¢=0 to 120°; 8=360 to 180° (0 to
—180) 1s equivalent to 8=0 to 180°; and =90 to 270° is
equivalent to {P=-90 to 90°. In the present invention, similar
cilects are also obtainable with angles that are not shown 1n
the following example but are crystallographically equiva-
lent to those referred to herein.

Set out below are exemplary equivalent combinations.
Equivalent to (0°, 140°, 25%) are (60°, 40°, 25°), (60°, 40°,
-25%), (120°, 140°, -25%), and (120°, 140°, 25). Since
$=120° is equivalent to ¢$=0°, (0°, 140°, -25-), too, is
equivalent to (0°, 140°, 25°).

An account 1s now given of why 1) that defines the
direction of propagation of surface acoustic waves and the
normalized thickness, h/A, of the interdigital electrode are
determined such that they satisty the above relationship.

A langasite single crystal was grown by the CZ process,
and a substrate was cut out of this single crystal. A surface
acoustic wave transducer comprising a set of interdigital
clectrodes was formed on the surface of the substrate to
fabricate a surface acoustic wave device. The interdigital
clectrodes were formed on both output and input sides by
vacuum evaporation of Al, and had an electrode finger width
d of 10 um and an electrode finger pitch (4d=»>) of 40 um,
with the number of electrode finger pairs being 20. The
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6

electrode thickness (normalized thickness) was 0.3% (0.12
um), 0.5% (0.20 ym) or 0.75% (0.30 um). The cut angle of
the substrate was (O, 140°, 1) in terms of Euler’s angles.
This cut angle 1s a so-called single rotation where only one
crystal rotation 1s needed for cutting, and so 1s preferable.
Data about this (0°, 140°, 1) substrate are set out below so
as to explain the usefulness of the present invention.

FIG. 2 illustrates the temperature dependence of the
center frequency of the surface acoustic wave device (the
surface acoustic wave filter) fabricated by the above process.
In the surface acoustic wave device shown 1n FIG. 2, the
propagation direction was \=22° in terms of Euler’s angles
and the normalized thickness h/A was 0.5% or 0.75%. From
FIG. 2, 1t 1s understood that the temperature dependence of
the center frequency can be well approximated by a qua-
dratic curve, and the peak temperature of this quadratic
curve changes depending on the normalized thickness h/i.
When the direction 1 of propagation of surface acoustic
waves changes while the normalized thickness h/A 1s fixed,
too, the peak temperature of the quadratic curve shifts. This
1s typically shown 1n FIG. 3. FIG. 3 shows an example where
=22° or P=30° with the normalized thickness h/A fixed at
0.75%. From theses, the inventors have arrived at an idea
that the temperature stability of a surface acoustic wave
device could be improved by selecting the direction of
propagation of surface acoustic waves depending on the
normalized thickness of the electrode, and setting the peak
temperature 1n the vicinity of room temperature. It 1s here to
be noted that the changes of the center frequency in FIGS.
2 and 3 were calculated from

(Y

where {, is the maximum value of the center frequency (the
center frequency at the peak temperature) and f is the center
frequency at any arbitrary temperature.

As shown 1 FIGS. 2 and 3, the temperature dependence
of the center frequency change was approximated by the
quadratic curve to find the peak (turnover) temperature of
the quadratic curve, thereby investigating the relationships
between the peak temperature, and the propagation direction
) and normalized thickness h/A. The results are plotted in
FIG. 4. FIG. 4 shows propagation direction 1 vs. peak
temperature relationships at the normalized thickness of
0.3%, 0.5%, and 0.75%, respectively. From FIG. 4, 1t 1s
understood that 1 the process of transition of the propaga-
tion direction from 25 degrees to 26 degrees (or at 25.5
degrees), there is a peak temperature decrease with increas-
ing 1 i an area having a small 1, and there 1s a peak
temperature increases with increasing 1 in an area having a
large ).

In view of the temperature stability of the device, 1t 1s
desired that the above peak temperature exist in the vicinity
of room temperature (usually about 25° C.), i.e., in the range
of 10 to 40° C. For this reason, the normalized thickness h/A
vs. propagation direction relationship where the peak tem-
perature of 10° C., and 40° C., respectively, was obtained
was found from FIG. 4. At a propagation direction 1 equal
to or less than 25.5 degrees the results shown 1 FIG. 5A was
obtained, and at a propagation direction 1 greater than 25.5
degrees the results shown 1n FIG. 5B were obtained. In other
words, the h/A vs. 1 relation defined herein 1s obtained. By
setting the propagation direction 1 1n the area ranges sand-
wiched between the upper and lower straight lines 1n FIGS.
SA and 5B, the peak temperature for the frequency tempera-
ture characteristics can thus be set 1n the vicinity of room
temperature, thereby achieving a device excellent 1in tem-
perature stability.
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It 1s to be noted that the wavelength A of a surface acoustic
wave at the center or resonance frequency 1s determined by
the frequency to which the surface acoustic wave device 1s
applied and the speed of sound of the substrate. In the
preferred frequency band to which the mmvention 1s applied,
however, the wavelength A 1s generally of the order of 8 to
60 um. It 1s also to be noted that the thickness, h, of the
interdigital electrode 1s generally of the order of 0.1 to 2 um,
because too thin an electrode results 1n 1ncreased electrical
resistance while too thick an electrode 1s difficult to form,
and 1s likely to exfoliate. Accordingly, the normalized thick-
ness h/h of the interdigital electrode 1s generally of the order
of 0.17 to 25%. It 1s understood, however, that 2.40%, and
3.38% are upper limits to h/i because the upper and lower
straight lines intersect at h/A=2.40% 1n FIG. 5A, and at
h/A.=3.3~3% 1n FIG. 5B, respectively.

The langasite single crystal used in the present invention
1s generally represented by the chemical formula
La,GaS10,,. A langasite single crystal, for instance, is
known from Proc. IEEE International Frequency Control

Sympo. vol. 1994, pp. 48-57(1994). In the invention, the
langasite single crystal 1s applied to a surface acoustic wave
device substrate. If, 1n this case, the crystal cut direction is
selected as mentioned above and the direction of propaga-
tion of surface acoustic waves 1s selected depending on the
normalized thickness of the interdigital electrode, then a
surface acoustic wave device having such high characteris-
fics as mentioned above can be achieved. In this regard, the
present invention 1s readily distinguishable from the con-
ventional use of langasite single crystals.

Langasite single crystals, if they are found by x-ray
diffraction to be mainly composed of a langasite phase
alone, may be used herein. In other words, the langasite
single crystals used herein are not always limited to that
represented by the aforesaid chemical formula. For instance,
at least one part of each site for La, Ga, and S1 may have
been substituted by other element, or the number of oxygen
atoms may depart from the aforesaid stoichiometric com-
position. In addition, the langasite single crystals may con-
tain mevitable impurities such as Al, Zr, Fe, Ce, Nd, Pt, and
Ca. No particular limitation 1s 1mposed on how to produce
the langasite single crystals; that 1s, they may be produced
by ordinary single crystal growth processes, for instance, the
CZ process.

Substrate size 1s not particularly critical, and may gener-
ally be of the order of 4 to 10 mm in the direction of
propagation of surface acoustic waves and of the order of 2
to 4 mm 1n the direction perpendicular thereto, and substrate
thickness may be of the order of 0.2 to 0.4 mm. It 1s to be
noted that the cut direction of the substrate 1s ascertainable
by x-ray diffraction. Each of the interdigital electrodes 3
formed on the substrate 2 1s a periodically striped electrode.
The interdigital electrode 1s such patterned as to achieve the
aforesaid preselected direction of propagation of surface
acoustic waves depending on its thickness. The interdigital
clectrode may be formed as by vacuum evaporation or
sputtering, using Al or Al alloys. The finger width of the
interdigital electrode may be determined depending on the
frequency to which the surface acoustic wave device 1s
applied and the speed of sound of the substrate, and may
ogenerally be of the order of 2 to 15 um at the frequency band
to which the mvention 1s preferably applied.

The surface acoustic wave device of the mvention lends
itself well to filters used at a frequency band of 10 to 500
MHz 1n general, and 10 to 300 MHz i particular. The
surface acoustic wave device of the 1nvention 1s useful for
making a surface acoustic wave delay element small as well,
because of its low SAW velocity.
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Thus, 1n accordance with the present invention, where the
cut angle of the langasite single crystal substrate 1s adjusted,
it 1s surprisingly possible to achieve a surface acoustic wave
device containing a substrate having a large electromechani-
cal coupling factor k* and a slow SAW velocity. By appro-
priately selecting the direction of propagation of surface
acoustic waves on the substrate depending on the normal-
1zed thickness of the interdigital electrode formed on the
surface of the substrate, 1t 1s also possible to achieve a device
having extremely excellent temperature stability.

Having described the present invention, it will now be
apparent that many changes and modifications may be made
to the above-described embodiments without departing from
the spirit and the scope of the present invention.

What 1s claimed 1s:

1. A surface acoustic wave device comprising an inter-
digital electrode on a surface of a substrate, wherein:

said substrate 1s made up of a langasite single crystal
having the formula, La,Ga.,S10,,, and belonging to a
point group 32,

when a cut angle of said substrate cut out of the langasite
single crystal and a direction of propagation of surface
acoustic waves on said substrate are represented 1n
terms of Euler’s angles (¢, 0, 1), ¢, 0 and 1 are found
within areas represented by ¢=-5 to 5°, =136 to 146°,
and =21 to 30°; and

when 1) =25.5, a relationship between a normalized thick-
ness h/h (%) where a thickness, h, of said interdigital
clectrode 1s normalized with a wavelength A of a
surface acoustic wave and said 1 (°) indicating the
direction of propagation of the surface acoustic wave 1s
given by

~3.79 (h/A)+23.86 < =-5.08 (h/A)+26.96

and when 1>25.5, said relationship 1s given by
4.39(h/A)+24.30 Sp <3.54(h/A)+27.17.

2. The surface acoustic wave device of claim 1, wherein
said mter-digital electrode 1s formed by vacuum evaporation
or sputtering using Al or Al alloys.

3. The surface acoustic wave device of claim 1, wherein
said substrate 1s about 4 to 10 mm i1n a direction of
propagation of surface acoustic waves and about 2 to 4 mm
in a direction perpendicular thereto.

4. The surface acoustic wave device of claim 1, wherein
values of ¢, 0, and 1 are such that the temperature coetlicient
of frequency is within =1 ppm /°C.

5. The surface acoustic wave device of claim 1, wherein
values of ¢, 0, and 1 are such that the coupling factor of k*
of the substrate 1s at least 0.3%.

6. The surface acoustic wave device of claim 1, wherein
in an areca specified by said Euler’s angles (¢, 0, 1), a
temperature dependence of frequency 1s m a form of a
quadratic curve.

7. The surface acoustic wave device of claim 6, wherein
a temperature corresponding to a peak of said quadratic
curve, which 1s a temperature at which a change of center or
resonance frequency is minimized, 1s in a range of 10° C. to
40° C.

8. The surface acoustic wave device of claim 6, which
comprises 1nter-digital electrodes on both output and 1nput
sides of said substrate.

9. The surface acoustic wave device of claim 1, wherein
said inter-digital electrode 1s a periodically striped electrode.
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